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l’his paper provides an overvi ew c)f t.fle 3’maqing resul t.s
c>f the JPI)/NASA unmanned exp] ora Li on m’ ~ssi ons t-o al 1 of Lhe
pl anc t.s c]f the sol ar sys t.em (exc:ept.  P] u LC>) as we] 1 as the
t c1 c:communi  c:a t-j ons capabl’ 1 ]’ ty whi c+h was devel opd to
enab] e/support. khose  In]’ ssi cms.

g’he tel eccmnuni ca t,i cmf; 1 ink i mprc]vel[m] i.s wil 1 bc: dcscribeci LC)
shc~w i ncrea s.es jn da t.a ra t.c c:aj>ak)i 1.i t.y resul t.i ng from the
addi t.i c~n c)f gYOLHld an t.enna aperture, t.ransmi t. t.er power, cc~ding
t ec:hnj que:; , 1 ower no; se rec:ei vers, e t.c:. 7’his paper wi] 1 al SC)
desc:ribe (briefly) t-he current. ancl future f 1 iyht- mi ssic)ns.

7 ‘h c pres en t-a t. i on wi 11 bc suppc)rt.ecl by a s.i _qni f 3’ can t numkmr c~f
pi c: t. ures taken during t.hc: p] anc t.ary encc)un t.ers as wel 1
as; p.i c:t. urc~; cjf t-he Ileep Space Network Ati i-ennas .

Introduction

The Jet. Prc)pu] si c)n L,ahorat-c)ry c)f the cal i fc)rni a ]nst-i tute c)f
‘1’ec!hno]  o~y, under contract. t-c) the Uni ted St, at. es Nati onal
Aeronau L] cs and Space Admi ni strati c)n, conducts space f 1 i gh~
prc)ject. s for sci en~i f i c researc;h. ‘1’he 1 aboratory al so has
c]evel ope. d and current. ] y c)perat, es a deep space tracking netwc)rk
and data ac~qui si t,i c)n faci 1 i Ly suppc)ri-ing Lhc sci enti f ] c:
expl c)rat. i on c)f space .

“l’he research dcscrihcd in t.hi s pub] i cat. ic)n was carried out by
L he Jc?+ Propu] sj on Ilabc)rat-c)ry, Ca] i forni a inst. j t-ute of Tec:hnol ogy,
u n~je. r c:c)nt ract. wi Lh t he NaLi c)nal Aerc)naut. i C:S a n c1 Spzic!c
Aclmi ni st. rat ion .
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I

Historical. Perspective of Teleconununi cations

Spa(:c! cc)mmuni c:at, ic)ns I_echncj Iogy, as we use. the t.erni, start. c!d. Wi t.h
mi 1 i t ary rc)ckets  . ‘1’he eonc:ept. cjf mcasuri ng performance parameters
c)n boarci a vc:hi C] e and racli c)i ~ig the encocled ciat. a Lc) a grc]und
rec:c:ivi ng s,t. at. i c)n prc)veci a suc:ccssful  Lec:hnic]uc. Ccmsc?quc!ntl  y,
t-hi s t,c!c:hl”li  que was expanded ancl ref i I“lec] t-o ~nab] e the cievc!] optnclit,
of the f] i aht anti qrouncl ecmi pnlent. for the earl y earL. h c~rbi Lincl., . . .
sat e.] 1 i~es . ‘l’he fi rst US sa~e] 1 i Le wi t-h t.hi s t-ec:hnc)]c)gy was t-he
Mxpl c)rcr 1 whi ch was de~; i gned ancl bui 1 t. by LJI’1, a~id usec3 a
I[lodi  f i ed US Army sponsored bal 1 i st. i c mi ssi I e to p] ac:e t-he
sate] 1 it. e in orbit- . ~’he f] i ght. data f rc)m that. f i rst on bc)ard
f 1 i ght i nst-rument-  were returned t.c) the ground receiving stations
vi a the c:cmnuni c:ati c)ns 1 i nk . ‘~’hat. f 1 i ght_ i nst_rumenL det. c!c:tecl
what i s now kncjwn as the Van Al 1 en ‘de] L c)f c:harged parti c:] es that
c)rbi t. the ear~h . T’he receiving stat-ions fc)r[mcl the basi s of t_he
wc]rl c1 wi de Deep Space Net-wc)rk (IJSN) . Sate] 1 ite t,cchno] ogy has
c!ont-rihut. ed LO the cvol ution c~f the cieep space PI anet-ary
exp] c)rat. i on spacccraf t, t hat. are i n f 1 i ght t-oclay.

Discussion

The overa] 1 evc>l ut, i on c)f the unmanned spac:e program, whi c:h began
wi t.h earth c)rbi te. rs, was fc)l 1 owed by f 1 i ght-s to the mc)on, and
c!vent. ua] 1 y 1 cacl t-o the exp] orati on c)f al 1 of the p] anets (C!xc!c?pt
P] ut. c)) , has been we] 1 document. ed in the world press, sc:i enti. f i c:
‘j ournd s and ac:ademi a . q’he deve] opment of t,he IISN and i LE; use to
~:uppc)rt. those p] anetary rni ssic>n: i s rare] y recogni ~,ed.

Tocky ‘ s worl d wi de I)SN c:c)nsi st_s; c)f Lhree t.rac:kinq c:omp] exes
1 c)c:ated near Madrid, Spain; Canberr=l, Aus Lral i a;’ and Go] c~s~one,
Cal i fc)rni a near 1,C)S AncTel es in t,he Unit-cd St-a Les. F;ach c)f these-.

lt-enna, andc c)mp 1 cx es cent.ai n one 70 meter antenna, one 26 meter an
t.wc) 34 meter ant-ennas . ‘] ’hese antennas are rernc)te]y operated from
a cent, ral 1 y located signal processing cc!nt. er at. each c:ompl ex. The
c:c)rnp] exes are connected Lo a net-work control center at, JPI, in
Pasaclena, Cal i forni a . I’here i s aI SC) a 1.aunc:h support faci 1 i t-y
1 oc:at ed at Cape Canaveral , FI’1 ori da. The I)SN has grown
~,ic~ni fi~ant] y frc)m i t.s c)ri ginal fac!ilit.  ies and capabi 1 i t_i C!S, t. o
bc!;:ome a worl d 1 eader in the devel oprnent.  of 1 arge, ful 1 y
:;~ee.rC2k)]  e mi crc)wave ant Cnnas, , 1 ow nc)i se rcc:eivi nq syst, ems ,
cligita] si gnal proc:essi ng, and deep spac:e radi c) ~lavigat. i c)n .

7’he pri rnary di f ferenc!e between the IJSN and other communi c:ati c)n
syE; t-c2ms i s the extrernc cli stances and acc; uraci es requi reel by
p] anet ary n!i ssi ons . l’he DSN i s rec~ui ret] to support.
c:c)mmuni cat j ons over hi] 1 ions clf ki Iotnetcrs with signal 1 eve] s c>n
the c)rder c~f 10 to t_he minus 16 watts and t.c] det, ermi ne the
-we] c)ci ty c)f t.h.e spacecraft to a Tni 1 1 imet. er of a ~;ecc)nd ancl i t.s
posi t.ic)n wi thin a few meters .
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The ear] y years cjf the p] ane~ary prc>gram (1960 to 19”/5) Wcll”e
c:harac!t-c!rj  z,ed by f 1 ight.:; t.o t-he various i nner PI anets by the
Mari ner F, -)a~e. c; raft. wereSerj eS c)f ~Pac!ec:raf ~. ‘1’h~~;~  1 three- axi s
St. abi ] j ~~d :lIld LISE?Ci SC)] ar energy t.c) provj de the required power.
‘J’he i nst. rument. c:ornp] ement-:; j nc:l uc]ecl varjc]us experiment-s such as
u] t.ravj c)] e~ spectrometers, i nf rared jnt, erf erornet.er spec~rorneters,
lll;~c~~-le t.c)r[~eters, as WC!]] as an i magi ng system (7’V) . l’en rni s:; i c)ns
were f 1 c)wn, seven were Succ!essfui  , ‘1’he Mari ncr f 1 i ght. s, the
p] anets they vi si ted, and the years t_hey were 1 aunchec] are 1 i st. ed
j n ‘J’ab] e 3 be] OW.

Table 1

~_j_s_s j Qll yl.an~t. (s) ~L<~un c.h .Yg a r
M&lri Iler 3 , 2 Venus 1962
Mariner 3, 4 Mars 1964
Marjner 5 veI-lus 196”/
Mariner 6, 7 Mars 1969

Mari Iler 8, 9 Mar~; 1971
Mari I-ler 10 Venus/Mercury 3 9“/3

Fai 1 ures experi enc:ed jn 1 aunch phase Mariners 3 , 3, 8.

‘rho Mariner 9 Mars f 1 igh~ in 1 9“/1 was t_he f i rst planetary
c)rbj t-i nc] rni ssj on . ~’hi s 1 ong term observati on of Mars frcxtl orbi L
refjnecl-  t,he basjs for the fc>llc)w on Viking f] ight. s in 19”/6 whic:h
p] aced the mai n spacecraft- i n orbi L and jnst-rumented 1 anders cln
the surfac:e . ‘J’he Vi ki ng l[~i ssi c)n bui 1 t. CJI”l L.he f i ndi ngs of Mari ner
9 ancl signj fi cant, ] y expanded a~id refined our knowI edge of Mars.
‘1’he c)rbi t-er photographecl,  in greater de~ai I , the VOI canc)es as
we] 1 as Lhe great_ ri ft va] 1 ey cli scovered by Mari ner 9. ‘J’he
1 anders sampl ed the mart. i an s;c)i 1 for signs of 1 ife wi t-h negative
resul t-s . lIowever, the overal 1 data gat-hered by the two orbi ters
and 1 anders have provi ded the def i ni t.i ve sourc:e for the current
:;c:j enti fi c study of Mars t,c)day.

‘J’he Venus; /Mercury mi ssi on in I 9“/3 was; the f jrst, rnj ssion to
uti 1 i zc ~he concept- of a gravi t.at. i c)nal a~;sis,~. ‘I’hi s conc:ept  was
t c) take! aclvant. age c)f t-he yravi t-a~i cjna] force c)f c)ne PI anet. t.o add
energy L.C) the spacecraft i Ii c)rcler t. c> prc}pc! 1 jt. on to the next. .
‘J’hi E; succ; es; sfu] technique enab] ed the f 1 i ght c>f the Vclyag Cr
~pac:dc;raft t.c) the ouLer p] arjets i~i the 1 ate 1 9’/0s through the
3980s. ‘1’he VoyacJer rni ssi C)I1 wi 1 1 be clcscri bed later.

The IJSN prc)vided t.rac:king, c:ommancl and tc!] emet.ry support. for a] ]
c)f thes; e mi ss ions . The resu] ts c]f these f]ights t-c) Lhe i nner
p] anets are sumrnari zed be] ow.



Vc!nus - Surf ace temper at. urc - 4 ‘/-/ degrees ~; Atmosphere
Carbon Ili C)X: cle and Ni t.rcqen; lJppcr atmosphere -

Su] phuri c Aci d; Surf ace - Many VCJI canoes, Impact-
craters, cc)nt_i nent si zed highlands.

Mars - Pew but. massi ve VCJI c:ancjcs; evi clence of surfac:e wat. cr
in the past. ; many impact craters; atmc)sphere very
t.hi n bLlt enough tc) support. massi vc, PI anet- c:c)veri ng,
dus~ storms; pol ar ice caps (wat,cr as we] 1 as c:arbon
dioxide!) .

]n the early 1960s, the data rates from a Mars flyby were 8 1/3
hi t-s per second and t.oc)k al most. 8 hours t-o return cjne pi c~t. ure .
I{y I ~’14 t-he I)SN Was capabl e of recei vi ng up to 11 7, 600 bps frc>m
Venus and Mercury. By 1979 it_ was capabl e clf receiving 115, 200
bps from ~Jupiter.

I’he remainder of thi s paper wi 11 emphasi zc the communi cat-i c)n
rates t,he I)SN i s c~apabl e c)f supporti ng f rc)m the ex~remc di sLances
of the Vc)yager Mi ssi c)n . ‘1’hese high data rates are pri mari ly
rcc]ui red for the i magi ng systems . Al though a lot- of val uab] e
~;c:.j ent_i f i c exp] c)rati on c:an be carried c>ut- wi thout i magi ng, t-he
va] LIe ac~cled Lo the mi ssi on j s ccmsi dered i rnportant- encjugh to
i ~ivest. i n the capabi 1 i t-y t-c) c) bt. ain t,hose images .

The Voyager mi ssi on, when c)ri gi nal 1 y concei veal,
as the I’ Grand l’c)ur” .

was referred to
‘l’he mi ssi on was to take advantage of Lhc

i nfrec~uent - aI iqnment of the p] anet.s t_hat WOUIC1 al low a spacecraf L
t.c) go tc) .JLlpi t&, get. a gravi t-y assi st t,o send i L on to Sat-urn,

‘ at LO send i~ LC) UranLls, and f inal ly anotheranother qrav3 Ly assl .>
L.c) send ~ t, to Neptune! . ‘i’hc mi ssi c)n WOU1 d have to i ncl Llde a
capabi 1 i t,y on the spacecraft t.c) $;at-her and Lransmit - a si gni f ic:ant.
amc)L~nL c)f data to -j List. i f y i LS fl~c;hts. Whi ]e t.echnic!a]  1 y
possi b] e , the fundjng was I-IOt_ ava~ 3 abl c t c) support. suc:h a
miss ic~n. ~CH_lSOqUC!Il~]y, i t was desc:c)ped to a (lupiter/Sat. Llrn
mi fisic)n wi t.h a sma] 1 CY spacecraft  and mLICh 1 css powerf Lll
transrrri  t.t ers .

Al 1 c!c)nsi dered, men a ilupi ter/Saturn mi ssi c)n was considered very
Cc)st.ly. Wi t,h desc:opi ng the mi ssi C) I-l S, NASA and LI PI,, f rc)m the very
bcgj nni lig, were sti 1 1 c:c)nsi deri ng extencli ng t-he Voyager rni ssi c)ns
to the “Grand l’our” concept. i n c)rder t.c) benef i t- f rc~m the
p] ane~ary al i qnments . A ] arge part. c]f the respcJ1”lsibi  1 i t.y t.c)
accc)mpl i sh t-h~s fell c)n the IISN.

‘J’he two Voyager spacecraft were 1 aunched i n mid 1 9“/7 and arrived
in mid 1979.
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‘J’he ilupi t.cr enc:ount-er was slupport. e.cl by l-he. 64 met.e. r antennas at-
115,200 bps. 1 n anti ci pati c)rl c)f the fc)l ] ow c)n requi rem~nt.s , an
aclvanced cievel opmen L concept_ c)f e.] c!ct. rc)ni cal 1 y cc)rlnect. i ng two
a~ J t. en n as t.oge~her i n an array L.C) i ncrease the rec:ejved si gna]
Stre. nqt. h was test ~!d. I’he cc)nc:cpt- prc)ved suc:cessfu] t.c) t,he extent,
that. c:onti nued work was authc]rj z,ed to al 1 ow t,he t.ec; hnique to be.
used c)n t_he upccm~i riq Sat-urli enc:c)unt. ers . l’hc!re were 33, 000 c:l ear
pi c:t. ures received at the. rate of c>rle. ~). ~lli ] ] i on-hi L imag~ Pc>r

every 48 sec:oncls  .

S’a t. urIl

‘l’he spac:e~raft. f] ew on t.c Saturn arri vi ng cjn November 1 ‘2, 1980
and Auqus, L 25, 1981 . ?’hi s Cnc:ount. er was supported by arrayi ng a
64 met~:r antenna wi t.h a 34 meter antenna . ‘Thi s al 1 owed the
mission LO use a 44,800 bps ciat, a ra~e rathc!r t,han the 2.9, 000 bps
rate that- would have been usecl wi t.h only t-he 64 met. er antenna .
~’he Net. wc]rk received 30, 000 high cjua:l i t-y t.el evi si on images c)f
Saturn, i ts rings, and i~s sate]] it. es.

‘1’he Vc)yager 1 spac:ecraft- was al 1 c)wed t_o c:on~i nue i rl~c~
i nt. erstel 1 ar space and Lhe Voyager 2 spacecraft was di. rect, ed on
tc) Uranus wi Lh an arri val date of February 1986. T’he next.
c:ha] 1 enqe was t-o support. t.hi s Uranus enc:ount.  er wi~h a dat, a rat, e
t hat wo~l d suppc>rt.  a meani ngfu] i nlaqi ng experi merit _ . ~’he 64 and 34
met. c!r ant-- ennas arrayed were far shc)~t c)f what- was needed for the
3.0 bi 11 ion km cli stanc:e. ~’o inc!rease t-he e] ement-s of the array,
snot-hcr 34 meter antenna at. CJc~l clst. c)ne and Aus Lral i.a had Lo be
bui 1 t-- .

‘l’he spacecraft. ‘ s C] c)sest apprc)ach t.c) L7ranus WOUI d occur c~ver
Austra]ia, so the greatest. i mprovernents WC)UI d be made Lhere . An
agree nient was negot-i ated wi t-h the Aust. ral i an C;overnment f c)r the
use c)f a 64 meter radio t-elescc)pe located at. Parkes, Aust-ral ja
abc)ut_ 290 km Nor Lh of Canberra .

A mic:rc)wave 1 ink was inst, al led between t-he faci li ties al lowing
real - Lime transmi ssic)n c)f the digi ti zed int-crmccli aLe f requenc:y
si gnal from Parkes Lc) Canberra . The three Canberra ant-ennas ( 64m
anti two :+~m) were. then arrayed t-oget. her and af Lerward arrayed
wi t_h t-he Parkes signal t.cl al low a 23 Ki lc)bi t data s~rean~. ‘1’hi s
al 1 c)wed for the high qua] i t_y imaging experirncnt.  desi red .

Changes were! al so macie c)n the Vc>yager space c;raf L . Si ncc! the
spac:cc; raf t was c:c)mput.eri zcd (wi t.h six onboarc] c:c)rnpu~ers)  i t was
pc)ssiblc t-c) reprc) gram sc)me of the C: C) I-l LI”C)I functi c)ns . TWC) c]f Lhe
c!c)mput ers were repro c~ranlmecl  Lc> i IIipl erllent a clat a recluctic)n
t ec:hni que that al 1 ow~d a 60 pc!rcent. rec]ucti o~i i ]-! the number c)f
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hi ts Ileecled t.c] procluc:e an i triage . ‘1’h~ s, al cjnc+ wi t.h t he i nc:re. ase. c]
clata rates provi ded by Lhe I)SN, al lc)wed a p~c; t.ure t.c> he
L ransmi t-t ocl every 4 mi nutes al 1 owi ng t he capture of 2516 i magcs
of Uranus , i ts rinqs and sat-e] 1 i t. es.

Anc)Lher spacecraft mc)di f i cat-i c)n t,hat was ncc:essary i s c)f
in~erest. . Since Lhe 1 ight- int. ensi t.y was less than 1/10 c>f t_hat.
at [Iupite.r, a 1 ongcr exposure was necessary. ‘1’0 prevent pi c:t. ure
smeari nq as the spacecraft.  f 1 cw by the PI anet and i t-s moons at a
very hi<; h speed, i t. was necessary t.o turn t-he c:amc!ras at- Lhe same
rate t,hc spacecraf t. was moving. Thi s tec:hni que was very
suc:c!essfu]  and provi tied out. st. andi nq i mages of the lJrani an mc)ons .

The Uranus encc)unt-cr c)cc:urrc!d ; n January 1 98b anti was very
~;~]c~~ssf~l] .

Ncyt.unc

‘l’he Voyager 2 spacecraft. was Lhen di rec:ted t-c) Neptune wi th an
arrival dat-e. of August, 1 989 . Another monument-a] chal 1 enge
given t.o the DSN was LO obtain the same qual i t_y pi c~ures of
Neptune that were obtained at- Uranus c)nl y wi t-h 1 ess t-ban ha] f Lhe
1 i ght- i ntensi ty c)f Uranus .

Arranai na for the reuse c)f t-he Parkes antenna was re] ative] y
~~,raiqht. forward/ but, far more was requi red. It was necessary t.o
modify the 64 meter antennas to increase the diameter Lo ‘iO
]Iwters> . ‘l’hi s i~icreased apert-ure resul ted i n a 50 percent.
increase! in gain. Arrangements were made wi t_h t,he Nat_i onal
Sci CnCC I’oundati on L.C) usc the Nati c)na] Radi o As Lronomy
observatory’ s very 1 arge array (VI 1A) at Soc:c)rro, New Mexi CC). ‘rhe
VI,A c;c)nsi st. s of twenty- seven 25 mc~er antennas tha~ can be moved
i n posi Li on al ong three Y- shaped radi al rai 1 road trac:ks . ~,hi ~;
facility is normal 1 y used for racli o astronomy. A number c)f
modi f i cat_i ons had to be made tcj use the VI,A. New X band
receivers, low nc>i se amp] i f iers, and a corrc!l atc)r LO cotnbi ne the
signs] s from the ?,”/ antennas were added. A sat. e]]jte
c:ommuni cat-i ons 1 i nk was establ i shed between the VIA and
C;ol dst_one , New cotnbj ners were cievel c]pcd for Golds ~orle t-hat
enab] ed rec:epti c)n c)f Lhe si qna] s frc)m the t,hree arrayed Go] dst. one
antennas and combi ne i t wi th the si gnal received  f rom the VI IA.
1 t was al SC) necessary t-c) add the neeciec] equi prnent anti t.rai ni ng tc)
c:cjnvert.  the VI,A f rc]m a researc; h type f ac:i 1 i ty to a hi ghl y
rel i abl c operat.  i onal fac:il i t.y fc)r the several months c)f
~;i c]ni f i c:ant Vc)yager support. . ‘J’he VI.,A prc)vi decl a c:apabi 1 i t.y c>f
Inc)re t-ban 2 1 /2 times Lhat. cjf a I)SN “10 meter ant-e nna. l’hi s added
apc!rt. urc fc, r t-he array enabl Cd the required signal power t.c> bc
rec~ei veci thus achi eving the desi rc. d pi c:~ure qua] i t y.

‘!’hc encounter  wi Lh Ncptunc i n Augus L , 1989 Was very grati fyi ng to
the navi gat. i cjn and sc!i ence teams . 1 n C>rdel- tc) f ] y by Nept une anti
‘1’ri tC)Il , Voyager 2 was t.arget_e.  cl t.c) pass c)n] y 4900 km above the



c!] oud t ops . ~’hj s> C] CISC apprc)ac:h to t,he PI ane. t al 1 owed Voyager I s
t rajoc!tory to be bent sharp] y as i t passed over t.hc p] anet, to
as~, ure an accept.ab] y c:] ose. f] yby c]f ‘i’rj t.c)n . ‘J’he navigat j c)n Learn
was c:c]ngratu]  at-cd fc]r ac:hj evi ng an aim pc)jnt- mj ss c)f 1 <!ss t han 40
km frc)tn a clj sLance c)f c)ver 4 .4 bj 11 ic)n ki lc)me~ers .

~’he sc:i ence t,eam ant. j cjpat. ecl f indj ng pc]rt. i ons cjf rj ngs (c:al ) cd
rj ng arcs) about Neptune, but. were surprj sed to observe cc)mp] et-e,
though tenuous, rings . ~’he team was a] SC) surprj sed by the high
VCI oc:j ty wj nd stc)rms t.ha L were cjbserved  j 12 the atmosphere .

I’he enc:c)unt. er wj t-h Nc?p Lune c:c)ncl udec] the t.c)ur c~f the c]ut. er
p] anets for Voyaqer Z . The c:ont_j nuj ncl f 1 j ghts of t-he t.wc> Vc)yager
spac:ec:raf t. jnt.o ;nt. erst-el 1 ar spac:e w; 11 he mc)lli tored by the IJSN
we] 1 j nto the next century. 1 t. i s ant. j c:j pat-cd that the c)nbc)ar-d
C!c)nsumab] es , suc!h as power anti atti t.ude Cc)rlt-ro] gas, Wj ] 1
maj ntai n the Voyagers heyc)nd the c;urrent range of t-he llSN
trac:kj ng c:apahi 1 j ty.

‘l’he Vc)yager f 1 j ght, s c)btaj ned suf f i c;j ent data to essential 1 y
rewrj t_e the encycl c)pedj a of Lhe c)ut-er PI anets . Some of t,he
hjgh level resuj t_s ~re 1 isted kmlcjw. -

Ll upi ter Sjqnifi cant. detaj 1 s c)f the -p] anet ‘ s atmc)spherj c;

Saturn

LJr an~l s

Nc!pt.une

dynamj C!S; di scc]very of a tenuous rj ng;
Observa~j C) I-l c)f VC)I canj sm C)II 10, C]c)se up view of
the four Gal jlean sat-cl 1 i t-es; I)jscovery c)f new
moc)ns .

Signj fj cant_ de~ai 1 s c)f t,he dj verse struct-ure c)f
the ri ngs and ring/ moonlet. int. eracti. on;
Observat-j  on of t he at--mospherc  c)f T’i tan;
1 ntrj guj ng c)hservatj c)ns of t-he varyj ng surf ace
feat_ures of the 1 arger moc)ns;  Dj scovery of new
mOOIIS .

Skewed rnagnetj c f j e] d rel a~jve Lo rotation axj s;
Unusual surfac:e features On t-he 1 arger moons;
Si gnj f i cant numbers c)f rings .

IIjgh speed winds; ~ycl c)nj c: s~orlns j n the
atmosphere!; l’enuc)us rj ngs; Weak magnet-i c f i el d;
Vc)l c!ani sm c)n ‘1’ri ton; Nj LrC)g~n f Yc)st. C}n T’rj ton .

Current Missions

The p] anetary mi.ssj C)IIS t hat arc current. ] y being suppc)rt_ed  i nc] ucie
Magel ] an i n orbj L at. Venus and (;al i 1 ec) enroute tc) Jupj Ler . By
t hc~ t. j nle t hi s paper j s presented, the Magel 1 an Spacecraft- wi 11
have ent ered the Venus atmc)sphere al”l C~ been 1 c>st . Magel 1 an was
1 aunc:hec] i l] May, 2989 and was p] acccl jn an e] 1 ipt ical , near] y
pcj] ar c)rbi t around Vemis i n Auc; ust. 1 990 . ‘I’he prj mary obj ectj ve
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c)f t_he mi ssjon was t.c) map at. least. “1O% of the PI anc~ ‘ s surfac~.
‘J’hi s f 1 ight, -p] aced unusual demands on t-he DSN Lcj rapi cl] y acqui re
t.e] emetry si gnal s u~icler-  very hj gh ciopp] er rates and fcjr hand] inc~
the 1 arge quant. j t.i es of clat. a that are c:haract. eri st-i c c)f imagj ng
type mj ssi ons . ~hc~ I)SN has ~upport_cd  a 268 ki ] obi t. data rai. c for
t.wc) hours out of every three si nce t-he mappi ng sequence began i n
-Jggo. Mage] 1 an cxceecied i t.s pri mary cjbj ect. i ve and returned data
t.c) prc)duce a map c)f 99% c)f the surf ac:e. At- the CC)IIC] usj c)l”I c)f the
mappi ng sc!quencc, the space c:raft- was cc)nf igured LO 1 c)wer j ts
cl]ipt.lea] orbi L in order Lc) test. the c:onc:cpt of .aerobraki  ng as a
means c)f tra~ ec~ory or orbi t. acljust-men~ . ‘J’he aerc)braki ng
t.c!c:hni que al 1 ows t-he atmosphere clf a PI anei- Lo S1 ow the
~; F7Fl Cc: Craf t enough LO modi fy ~1-1~ f ] igh~ pat-h wi t,hou~ a si qnif i cant
Cxpendi ~ure of on board prc~pe] 1 ant- . q’he suc~c!ssful appl ; cat. ic~n

sic; ni f j cant. pc)si t,ivc!c)f t.hi s Lechni c]ue may have . i mpact. on f ut. ure
tni ssion i n terms of weigh~ t.radeof fs between prc)pel 1 ant. and
i ns, t ruments .

‘1’he c;al i 1 CO spacecraft. inc]udcs an c>rbi t,c!r and an atmosphere c:
entry probe t.o i nvesti gate t,he ilovi an Syst-etn. ~’he spacecraft was
1 aunc:hec] by t-he space shutt] e and f c]] 1 c>winq t,hree qravi t,y assi SL
flybys of Venus (1 ) and Earth (~) i s we] 1 ~n i t-s w~y t.c~ ~Jupjt.er
t-c) arrive in 1995. ‘l’he prc)be wi I 1 be rel eased Lo enter the
at-mosphcre and rel ay j t-s f indi ngs t-o the orbiter. The orbi t.er
will then begin its det,aj led investigations of t-he larger of
LJ upi Ler 1 s moons . ~hal 1 enges are presented t-o the IJSN from t.hi s
nki ssi c)n because of the 1 C)I-Iq  c:rui se , increased dj st_ance, ancl 1 ower
power at. enc:ountcr  .

Future Missions

Cassini - ~’he ~assini mi ssion wj 11 expl ore t-he Sat-urni an system,
whj c;h c:orlt_ajns  a host. of VOI a~i le - ric:h hodic!s and i l“ldi c:ati 011S C)f
Lhe prc)c!esses i-hat have mc)di f j ed t_hem. ‘] ’he mj ssi on wi ] 1 be
cc)mpos~d of a SaLurr~ orbi Ler spac:ec:rafi.  , bui 1 t by JPI, for NASA,
and a cletachabl  e T’i tan entry probe suppl i ed by the European Spac~e
Aqency (NSA) . The Cassinj spacecraft wi 11 dcl. iver the prc)be t.c)
l’; tan ant] on each c>rbi L of Sat-urn, wi ] ] make a c:] c)se f] yby of
Titan Lc) al low intensive study c~f thi s most, unusual moc)n . oI”le of
the mos~ intriguing aspects of ~’i tan j s the possibil i t.y that i ts
~;~lrfa~e may c:ont_ajn lakes of 1 i c]uid hydrc)c:arbons  Lhat- rc!sul L from
phot. c)c:hcnli c:al processes i n the upper atmc)sphere  . Adc]j t-j onal
studi es wi ) 1 be cc)nducteci of ‘1’j tan to clctermi nc! the c:c)nlpc~si t j on
:4nd st. ruct. ure of the at. mc)s,p here as well as the surface features .
‘1’h~ cjrbi t.er wi 1 1 make ext. c!nsjve st. udj es of s;aturn ‘ s moons t.c)
expand and refj ne the know] eclge gai ned ciuring the earl i er Vc)yager
flyby of the Sat_urni an system.

‘l’c) prepare fcjr the Cassini Mi ssi C) I-I and t-c) rep] ace the agj ng 3fl
1 Ile t e r s)~ancl arci ant. enncl ~>, a new serj es c)f 34 meter ?deam
Wavegui de Antennas arc c:urrent 1 y bc!i ng j mp] emented i IILO the.
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l)SN . in addition, a new di gi La] re. ce. i ve. r anti hi gher frequency
[l~i crc)wave recep~i on equi pment. are bei nq p] anneal.

Mars (;1 c)bal Surveyor - Thi s mi ssi on, schedu] ed for I aunch i n
1996, is intended to be the first- of a series c]f low COSt
orbj Lers and 1 anders t.o be 1 aunc:hed every P6 mc)nt hs t,hrc)Llc~h  the
year ZO05. “1’hese spacecraft wi 1 ) c:c)nt. inue the investiga~~ ons of
Mars cjn a p] ane~ wide- sc:ale . ~’he i ~ist. ruments wi 11 bui 1 d on the
lleri t age of the Mars C)hserver mi ssi c>n whi ch was ] ost, -jLlst. pric)r
tc] erlterjng orbit- in 1993.

])1 ut. c) Fast_ PI yby - Advanced  p] annj Ilg and mi ssi c]n ciesi gn st. tldi ~ls
are bei ncI conducted L.c) det, ermi ne the feasjbi 1 i t-y c)f sendi ng a
pai r c)f ~ma] 1 space craf t t,c) P] ut.c) . ~’hc ob~jec:t. ive i s t,c>
i rivest. i qa~e the 1 ast unexp] orecl p] anet- and j ts moon, Charc]n,
whi 1 e they are close enc)Llgh in t-heir highly cl 1 ipt. ica] orbjt of
the sun to have a measurab] e atmosphere .

Reflection

‘J’he Lhi rt, y two years of p] anet-ar-y expl orat-i c)n has yi e] ded an
e~ic)rl[lous amount, c)f data and know] cdc+e of the. p] anet_s of c>ur sol ar
system . l’he overal 1 gc)a] c>f the ~Jn] Led States 1 Ci vi ] i an space
prcjgram  t.hroughc)ut t_he three decadas p] us c)f NASA ‘ s exi s~enc:e ,
has been the unders~andi ng of the bi rth and cvol uti on c)f c>ur-
p] ane~ary rec:onnai ssanc:e (accomp] i sheci by fast, flybys) ,
Cxpl orat-i c)n (achieved by orbi Lers and entry probes) , a~id
int-cnsivc study (i n~pl. ement. ed by 1 anders) has been fol lowed. ‘l’he
resu] ts LC) date have surprised and amazed the scienti. fi c
Cc)[[ltnuni  ty as we] 1 as the clenera] pub] i c . 1 L i s hc>ped that t,he
di scoveri es of the past. w; 11 encourage signj f i cant. ] y more
c:ha] 1 engi ng mi ssi ons c)f exp] orat. i o~i and i n~ensivc! study of the
p] ZLrlet. s . When those mi ssions are f] c)wn, t,hc DSN wi 11 c:c)rl Li nue to
bri ng t.hc data to the wai t.ing sci erICC t_eams .
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